Abstract
Introduction
Buffalo is the backbone of the dairy industry in India producing milk, meat, draft power and hides. In spite this fact, the breeding and reproductive efficiency in buffaloes are poor, and no major breakthrough in augmenting breed improvement and reproduction has yet taken place. Even though, various animal breeding and management programs have been initiated, there are still constraints hampering the growth, which require proper attention by initiating realistic breeding policies for genetic improvement of cattle and buffaloes [1] . Males buffalo, a potent reservoir of superior germplasm are either neglected to die or slaughtered at a very young age, resulting in potential waste of male germplasm. Hence, purebred bull in the country are scarce, and the majority of buffaloes are being covered by genetically inferior nondescript bulls resulting in an increase in nondescript buffalo population [2] . Therefore, maximum utilization of genetically superior bulls through use of assisted reproductive technique, i.e., artificial insemination (AI) is of prime importance.
The key to the success of AI lies in fertilizing capacity of the diluted or cryopreserved semen, which in turn depends upon the quality of semen and the suitability of the extender to maintain the motile life of spermatozoa for the maximum period at refrigerator temperature (4°C-5°C) as well as at −196°C in liquid nitrogen. However, the cryo-damage during freeze-thawing process is well-established. Cryopreservation generates sublethal sperm injury due to chemical, osmotic, thermal and mechanical stresses, which may result in destruction of acrosomal plasma membrane [3] inactivation of acrosin enzyme and hyaluronidase, prostaglandins diminution, reduction of adenosine triphosphate (ATP) and adenosine di-phosphate synthesis and decrease in acrosomal proteolytic activity [4] and DNA integrity [5] . These deteriorative changes are more profound in buffalo than cattle spermatozoa due to unique physiology of the buffalo spermatozoa and higher polyunsaturated phospholipids levels in the plasma membrane [6] probably affecting the sperm motility, viability, acrosomal and DNA integrity [7] . The most probable reason for poor post-thaw characteristics of buffalo semen is excessive production of reactive oxygen species (ROS) leading to sperm damage [6] . These ROS molecules cause lipid peroxidation of the bio-membrane system by reducing the antioxidant potential of the cryopreserved semen [8] . As the result spermatozoa suffer molecular lesions during freezing and thawing procedures, such as oxidative damage, and apoptotic, which can lead to negative results after its use in AI [9] .
Hence, the semen for its better post thaw quality needs to be supplemented with certain natural antioxidants that can counter excess ROS produced during semen cryopreservation. Vitamin C and E are the major antioxidants naturally present in mammalian semen that regulates ROS, protect the sperm from lipid peroxidation and provides higher integrity to plasma membrane and mitochondria as well as better kinematics for sperm post-cryopreservation [10, 11] . Increased ROS production and decreased antioxidant levels are known to occur during sperm cryopreservation and thawing. Hence, diluted semen need to be supplemented externally with natural antioxidants in semen extender for improved post thaw semen quality [12] . Taking into account the role of vitamin C and vitamin E as natural antioxidant, a comparative research was conducted to evaluate role of vitamin E, vitamin C or their combination to overcome oxidative damage during cryopreservation of Bhadavari bull semen.
Materials and Methods

Ethical approval
No ethical approval was necessary to pursue this research work.
Animals and sampling
The present study was conducted on four Bhadawari buffalo bulls aged between 3 and 6 years and weighing between 300 kg and 450 kg body weight, reared at the Instructional Livestock Farm Complex, College of Veterinary Sciences and Animal Husbandry, Uttar Pradesh Pandit Deen Dayal Upadhayaya Pashu Chikitsa Vigyan Vishwavidyalaya Evam Go Anusandhan Sansthan, Mathura, which is situated in a Semiarid zone of Northern part of India, in the state of Uttar Pradesh. All the experimental bulls were kept in individual pens made up of brick and cement with concrete floor and asbestos roof. The bulls were fed balanced ration as per its availability at farm. Proper vaccination schedule was followed, and animals were vaccinated against important contagious and infectious diseases. Semen collection was made biweekly from each bull with the help of artificial vagina (AV) "Danish model" on dummy animal between 7.00 AM and 8.00 AM during summer and 8.30 AM to 9.00 AM during other seasons using standard protocol. Semen was collected directly into a clean, dry graduated centrifuge tube attached to the latex cone of the AV. Immediately after collection, tube containing semen were marked and placed in the water bath at 37°C. Ejaculates collected from four Bhadavari bulls were evaluated and later pooled. Pooled semen sample was divided into four equal parts viz. T-1,T-2,T-3 and C. Each part was diluted separately with a tris-based extender containing the antioxidants vitamin E (5 mM) (T-1), vitamin C (5 mM) (T-2), vitamin E+C combination (5 mM+5 mM) (T-3) and extender containing no antioxidants (control, C) and subjected to process of cyopreservation. The samples were evaluated at different steps during cryopreservation to access the semen quality. The progressive motility of the spermatozoa was observed under high power phase objective (×40) on a thermostatically controlled stage maintained at 37°C [13] . Percent Live sperms were counted using differential staining technique [14] . Live and dead count was also used for enumerating abnormalities. Minimum 200 spermatozoa were counted in different fields and percent abnormal spermatozoa were calculated. Percent sperms with intact acrosome were calculated by staining technique using Geimsa stain [15] .
Statistical analysis
Statistical analysis was performed as per the standard procedure [16] . The means were compared using Analysis of Variance, Duncan's multiple range test and presented as mean ± standard error (SE).
Results and Discussion
The results obtained during the experiment are presented in Table- after post thaw respectively. A significant decrease (p≤0.01) was observed in progressive motility at different steps of freezing and thawing both within the groups and between the groups. The reason for the difference may be the formation of intracellular ice crystals and ROS production. As a result, concentration of solutes remaining in the unfrozen fraction increases, thereby both depressing the freezing point and increasing the osmotic pressure altering sperm function [17] . The lower values of the progressive motile sperms in control group may be because of excessive generation of ROS by dead, immature and abnormal spermatozoa during sperm processing (e.g., extending, freezing, thawing process), accompanied by low scavenging and antioxidant concentrations in seminal plasma and semen extender inducing oxidative stress [18] while the higher values obtained in the test groups may be attributed to the beneficial effects of different antioxidants through its protective action on the sperm cell membrane against ROS and lipid peroxidation during cryopreservation of semen [19, 20] .
The observed mean (±SE) of a percent live spermatozoa in the control group were 81.03±0.41% just after dilution, 75.81±0.42% after equilibration and 70.13±0.37% after post thaw semen evaluation. The values observed after different antioxidants supplementation (vitamin E, vitamin C, vitamin E+C) in semen extender utilized for semen dilution in different trial groups was 83.19±0.42, 82.06±0.38 and 84.72±0.43 just after dilution, 78.28±0.48, 76.75±0.46 and 80.25±0.43 after equilibration and 72.97±0.41, 71.25±0.46 and 75.31±0.42% after post thaw respectively. A significant difference (p≤0.01) was observed in percent live spermatozoa at different steps of freezing and thawing both within the groups and between the groups. Decreasing proportion of live sperms at each steps of semen cryopreservation within a group can be attributed to ROS production and lipid peroxidation that involves peroxidation of polyunsaturated fatty acids to generate lipid peroxides that have a detrimental effect on spermatozoa, interfere with the mitochondrial electron transport chain and promote cellular generation of superoxide anion, leading to membrane damage, leakage of ATP, disrupting DNA integrity and a rapid loss of sperm motility and viability [21] . A non-significant different (p≤0.05) was observed in the control group and T-2 indicating that vitamin C supplementation did not show a significant effect on percent live sperms at different step involved in semen cryopreservation. The reason for this non-significant difference in the present study may be the concentration of natural antioxidants. The vitamins C concentration that was used during the experiment may have been sub-optimum for preserving buffalo sperm viability, as the effect of may vary with concentration [22] .
The observed mean (±SE) of total sperm abnormalities in the control group were 4.91±0.14% just after dilution, 5.03±0.18% after equilibration and 7.75±0.17% after post thaw semen evaluation. The values observed after different antioxidants supplementation (vitamin E, vitamin C, vitamin E+C) in semen extender utilized for semen dilution in different trial groups was 4.06±0.09, 4.28±0.10 and 2.97±0.09 just after dilution, 3.97±0.11, 4.44±0.16 and 3.03±0.12 after equilibration and 6.22±0.11, 6.84±0.12 and 5.63±0.13% after post thaw, respectively. A significant difference (p≤0.01) was observed in total sperm abnormalities at different steps of freezing and thawing both within the groups and between the groups. During cryopreservation, a significant increase was observed in the percent abnormal sperms within the groups at different steps during the cryopreservation in test and control group. The reason for this difference in the test groups compared with control may be weaker plasma membranes more susceptible to lipid peroxidation, that increases with decrease in temperature [23] and reduced ability of mammal's sperm to encountering with peroxidation during the freezing and thawing processes making sperms more vulnerable for lipid peroxidation and increased sperm abnormality [24] .
The observed mean (±SE) of intact acrosome in control group was 80.16±0.50% just after dilution, 74.59±0.51% after equilibration and 69.41±0.54% after post thaw semen evaluation. The values observed after different antioxidants supplementation (vitamin E, vitamin C, vitamin E+C) in semen extender utilized for semen dilution in different trial groups was 84.50±0.41, 81.75±0.47 and 87.03±0.62 just after dilution, 79.22±0.51, 76.91±0.51 and 81.38±0.53 after equilibration and 74.00±0.49, 71.59±0.48 and 76.06±0.53% after post thaw respectively. A significant difference (p≤0.01) was observed in acrosomal integrity at different Table- 
Parameters
Treatment group
Control (C) Vitamin-E (T-1)
Vitamin-C (T-2)
Vitamin-E+C (T-3) F value
Progressive motility (%) steps of freezing and thawing both within the groups and between the groups. A significantly higher value of acrosomal integrity was observed just after dilution in all the three trial groups when compared with the control group. A significant difference was also observed between the trial groups with highest values observed in the T-3 followed by T-1 and T-2 in all the three steps followed for freezing-thawing process. A significant difference was observed within the control and different trial groups with highest observed mean (±SE) of acrosomal integrity just after dilution followed by equilibration and post thaw evaluation. The reason for this decrease in the acrosomal integrity at various steps may be due to loss of lipid component of the plasma membrane, loss of plasmalemma over the entire acrosome, extensive vesiculation and disruption of plasmalemma and outer acrosomal membranes [25] during freeze-thawing. A significant difference (p≤0.01) was observed between the control and the test groups at different steps during cryopreservation. Cryopreservation affects osmotic tolerance and ion homeostasis of bovine sperm enhances generation rate of O 2 − and H 2 O 2 or in the intracellular concentration of free calcium ions (Ca 2+ ) [26] resulting in premature acrosomal reaction, altered mitochondrial function, reduction of motility and oxidative DNA damage [27] , all of which damage the acrosome and influence the fertility of the sperm cells [28] . The difference observed may be attributed to the difference in the anti-oxidative capacities of the antioxidant and their combination supplemented in semen extender during the experiment. The highest values of intact acrosome was observed in the T-3 followed by T-1 and T-2, indicating that the combination of two antioxidants plays better role to overcome the effect of ROS and temperature variation during cryopreservation in comparison to vitamin E and C.
Conclusion
From the findings of the present study, it can be concluded tha t the combination of vitamin E+C has most profound effect in protecting sperms against ROS production and cold shock when compared to vitamin E and vitamin C supplemented alone in the extender for semen dilution utilized for cryopreservation.
